INTRODUCTION
Pericardial tamponade, an uncommon but often fatal patient event in the neonatal intensive care unit (NICU), can be caused by pericardial extravasation of infusate delivered through peripherally inserted central catheters (PICCs). 1 -5 Pericardial tamponade may present with sudden deterioration of cardiovascular status. The literature may underestimate the true incidence; there could be more such deaths that go undiagnosed because not all NICU deaths undergo autopsy. A recent report described two fatal outcomes of PICC-associated pericardial tamponade and also reported a mail survey of NICUs, indicating that 20% of 82 NICUs identified deaths caused by pericardial tamponade. 6 Few patients with PICC and sudden cardiovascular collapse have been successfully resuscitated by a timely pericardiocentesis; among those who were, thoracentesis and pericardiocentesis were often attempted empirically as a last resort. 7 Other patients were fortunate to have a quick sonographic diagnosis of pericardial tamponade and a timely intervention, which saved their lives, 8 -15 but such resources may not be immediately available in every NICU. In a series of 11 cases of extravascular fluid leak from central lines, six developed pericardial effusion and only two neonates who had pericardiocentesis (after a quick diagnosis by chest X-ray or echocardiography) survived. 16 Early suspicion of this condition is a crucial factor for a favorable outcome, but other causes of rapid deterioration in any neonate with a PICC, e.g., airway obstruction, air leak syndromes, intraventricular, or pulmonary hemorrhage, must be considered. Of course, appropriate therapeutic interventions must be promptly initiated.
We describe two infants with pericardial tamponade who were successfully resuscitated. This is the first report of a clinical triad signaling this often fatal, but potentially reversible, condition: (1) sudden cardiovascular collapse unresponsive to usual resuscitative measures; (2) thoracic transillumination not suggestive of air leak; and (3) unexpected resistance to external cardiac compression.
CASE 1
This 27-weeks'-gestation infant with birth weight of 984 g had a right external jugular 1.9-Fr silastic PICC placed on day of life (DOL) 4 to deliver parenteral nutrition (PN). The X-ray after placement showed the tip of the PICC to be in the right atrium (RA). The PICC insertion length was not adjusted. From DOL 4 to 12, the PICC was used for delivery of PN (osmolarity ranged from 597 to 712 mOsm/l), intralipid infusion, and caffeine citrate.
On DOL 12, the infant acutely developed apnea and bradycardia and did not respond to bag/mask ventilation. Persistent bradycardia despite ventilation through endotracheal tube prompted external cardiac massage. The resuscitator noted unexpected resistance to sternal compression. Thoracic transillumination did not suggest air leak. Echocardiogram was immediately available and confirmed the suspicion of a pericardial effusion. Pericardiocentesis yielded about 25 ml of milky white fluid. Skin perfusion immediately improved with continued chest compression, which now required notably less pressure. Two doses of epinephrine through endotracheal tube were given to increase the heart rate above 60 beats/min. The infant Pericardial tamponade associated with central catheters is often lethal, unless promptly identified. We report our experience with two infants who suffered this complication but were successfully resuscitated. In each case, associated radiographs showed the tip of the central catheter beyond the superior vena cava -right atrium ( SVC -RA ) junction. Identifying the clinical triad of ( 1 ) sudden cardiovascular collapse unresponsive to usual resuscitative measures, ( 2 ) thoracic transillumination not suggestive of air leak, and ( 3 ) unexpected resistance to external cardiac compression led to the working diagnosis of pericardial tamponade and therapeutic pericardiocentesis. Prompt recovery followed. Central catheters within the RA seem prone to cause pericardial tamponade. Perinatal/Neonatal Case Presentation
became stable after pericardiocentesis and tolerated extubation an hour later. The PICC line was discontinued and a peripheral intravenous line was placed. A follow-up echocardiogram showed no detectable pericardial effusion.
CASE 2
This 28-weeks'-gestation infant with birth weight of 1080 g had a right external jugular 1.9-Fr silastic PICC placed on DOL 43 to deliver PN (osmolarity=1067 mOsm/l), intralipid infusion, and amphotericin B. The X-ray after placement showed the PICC tip in the RA. The PICC was withdrawn accordingly without follow-up imaging. Approximately 15.5 hours after the PICC placement, the infant appeared cyanotic, bradycardic, and poorly perfused. Bag/ mask ventilation was initiated. The heart rate remained below 60 beats/min and external cardiac massage was begun. Heart sounds were muffled. The resuscitator noted unexpected resistance to sternal compression. Thoracic transillumination did not suggest air leak. Immediately available echocardiogram confirmed the suspicion of pericardial effusion with tamponade. Pericardiocentesis yielded approximately 30 cm 3 of milky white fluid. The PICC was discontinued and a peripheral intravenous line was placed. Skin perfusion improved and heart rate rapidly became normal. A follow-up echocardiogram showed only a small residual pericardial effusion. An X-ray obtained during the clinical deterioration (available for review only after pericardiocentesis was completed) showed a widened cardiothymic silhouette and the PICC tip superimposed with the right ventricle.
DISCUSSION
Each of the infants reported here suffered acute clinical deterioration that did not improve after positive pressure ventilation and external cardiac massage. In particular, upon initiating external cardiac massage, the lead resuscitator (J.S.) noted an unexpected resistance to sternal compression. Unlike the sternal deformation typically seen when performing external cardiac massage on very-low-birthweight infants, for the infants described here, bilateral thumb compression of the sternum produced minimal displacement. To appreciate the sensation of resistance, one might imagine performing bilateral thumb compression on a distended, but almost inelastic, fluid-filled container. Knowing that each infant was receiving intravenous fluids through a PICC and that thoracic transillumination did not suggest air leak led the lead resuscitator, by logical exclusion, to the working diagnosis of pericardial tamponade. The resuscitator had previously noted this sensation of resistance, although to a lesser degree, only in the context of massive intrathoracic air leak syndromes (that were easily identified by thoracic transillumination).
Pericardial tamponade complicating PICC infusion has been shown at autopsy to result from myocardial perforation, 2, 4, 6 presumably because the catheter tip lies against the endocardium rather than floating freely in the atrial or ventricular cavity. Years ago, polyurethane catheters were used, which were comparatively stiffer and sometimes had beveled tips that could cause physical trauma to the cardiac wall. 7 However, the patients in recent reports, including ours, had silastic catheters, which are very soft and might not have been expected to cause physical trauma. Constant infusion of hyperosmolar solution through these catheters may cause chemical irritation and result in the catheter tip eroding the myocardial wall. Routine radiographic verification of the catheter tip position is, therefore, important.
For Case 2, although the catheter was withdrawn after determining that the tip was in the RA, a series of radiographs would be required to establish intervening events (e.g., possible migration) until cardiovascular collapse occurred. The pre-event radiographs in both cases showed PICC tips within the RA. Similar cases in the literature also report that catheter tips were more central than the superior vena cava-right atrium (SVC-RA) junction. 2, 4, 7, 8 The preferred position for the PICC tip is in the SVC above the pericardial reflection line, corresponding to a level above T2 as described by Bargy et al. 17 
CONCLUSION
Particularly for an infant receiving intravenous infusion through a PICC, the triad of (1) sudden cardiovascular collapse unresponsive to usual resuscitative measures, (2) thoracic transillumination not suggestive of air leak, and (3) unexpected resistance to external cardiac compression should prompt immediate consideration of pericardial tamponade and therapeutic pericardiocentesis, along with discontinuation of the PICC line, if present. Data are not available to compute the risk of pericardial tamponade associated with PICC tip lying more centrally than the vena cava-right atrium (VC-RA) junction on chest X-ray. Nonetheless, because pericardial tamponade is such a serious complication, we recommend that PICC placements within the RA should be withdrawn so that the tip lies in the inferior vena cava or SVC.
